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ABSTRACT 

MSC, under a c o n t r a c t  t o  Martin Marietta Corp., has 
developed an on-board checkout system (OCS) f o r  p o t e n t i a l  
ope ra t ion  i n  a s s o c i a t i o n  w i t h  a space s t a t i o n  or  space base. 
The  l a b e l  'IOCS" is  somewhat misleading i n  t h a t  it obscures  
t h e  p o t e n t i a l  c a p a b i l i t i e s  of t h e  system f o r  performance 
of o ther  d a t a  management func t ions .  T h i s  memorandum reviews 
t h e  c u r r e n t  s t a t u s  of t h e  OCS and cons ide r s  t h e  imp l i ca t ions  
of extended c a p a b i l i t i e s  fo r  design of data management systems 
fo r  manned and unmanned spacec ra f t .  

I n  t h e  process  of developing a c a p a b i l i t y  t o  perform 
on-board checkout ope ra t ions  many of t h e  hardware elements 
r e q u i r e d  fo r  o t h e r  d a t a  management ope ra t ions  have a l so  been 
developed. These inc lude  1) a network by which access t o  
v a r i e d  subsystem components can be acqui red ,  2) a compact, e 

l o w  w e i g h t  computer capable  of performing g e n e r a l  purpose 
data management func t ions ,  3 )  an a s s o c i a t e d  data in te rchange  
and c o n t r o l  u n i t  which provides the i n t e r f a c e  w i t h  t h e  e x t e r n a l  
environment, and 4 )  a c o n t r o l  and d i s p l a y  u n i t  t o  provide con- 
v e n i e n t  implementation of input /output  i n s t r u c t i o n s .  These 
f u n c t i o n s  can make t h e  OCS s u i t a b l e  f o r  a p p l i c a t i o n  i n  both  
manned and unmanned spacec ra f t .  

For manned space s t a t i o n s ,  i n t e g r a t e d  d a t a  manage- 
ment systems have been proposed which encompass a l l  func t ions  
h e r e t o f o r e  performed by s e p a r a t e  data management systems. 
An i n t e g r a t e d  data management system can a l so  be envis ioned  
f o r  unmanned sa te l l i t es .  Advanced s a t e l l i t e s  capable  of 
suppor t ing  m u l t i d i s c i p l i n a r y  sensors  and experiments could 
be a desirable means of concent ra t ing  unmanned payloads i n  
only  a f e w  o r b i t s  t o  be v i s i t e d  by t h e  space s h u t t l e .  Such a 
s a t e l l i t e  would be,  i n  effect, an unmanned space  s t a t i o n  
capab le  of long t e r m  opera t ion .  A s  suggested by t h e  OCS 
program, data management system technology appears  t o  be 
approaching t h e  s t a t e -o f - the -a r t  e s s e n t i a l  fo r  implementation 

(NASA-CR-113 1 1  1) 
MSC CM-BOARD CHECKOIJT SYSTEM FOR PERFORHAHCE 
O F  OTHER D A T A  B A N A G E T I E N T  FUNCTIONS O N  R A N N E C  
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MEMORANDUM FOR FILE 

INTRODUCTION 

MSC, under a c o n t r a c t  t o  Martin Marietta Corp., has 
developed an on-board checkout system (OCS) f o r  p o t e n t i a l  
ope ra t ion  i n  a s s o c i a t i o n  wi th  a space s t a t i o n  o r  space base.  
This memorandum reviews t h e  c u r r e n t  s t a t u s  of t h e  OCS and 
cons ide r s  t h e  imp l i ca t ions  of t h e s e  extended c a p a b i l i t i e s  
f o r  des ign  of d a t a  management systems f o r  manned and unmanned 
s p a c e c r a f t .  A t r i p  t o  MSC by t h e  au tho r s  w a s  undertaken on 
Nay 2 6 ,  1 9 7 0  f o r  d i scuss ions  with p r i n c i p a l  NASA and Martin 
personnel  engaged i n  development of t h e  OCS. These inc luded  
T.  V. Chambers and J. F. Hughes of NASA's Information Systems 
Divis ion ,  and W. Wise of t h e  Martin C o .  The c o n t r a c t  cost f o r  
t h i s  program w a s  $1.3 mi l l i on .  

Details  of t h e  OCS have been b r i e f l y  descr ibed  i n  
a previous  Be l l comm Memorandum f o r  F i l e  (Reference 1). The 
l a b e l  "OCS" is  somewhat misleading i n  t h a t  it obscures t h e  
p o t e n t i a l  c a p a b i l i t i e s  of t h e  system f o r  performance of o t h e r  
d a t a  management func t ions .  I n  a d d i t i o n  t o  t h e  monitoring and 
d i a g n o s t i c  c a p a b i l i t y  inhe ren t  i n  OCS ope ra t ion ,  reasonable  
ex tens ion  of t h e  des ign  permits  i nco rpora t ion  of process  
c o n t r o l  and d a t a  process ing  func t ions .  

POTENTIAL DATA MANAGEMENT SYSTEM FUNCTIONS 

I n t e g r a t e d  d a t a  management systems f o r  manned space 
s t a t i o n s  have been proposed which encompass a l l  func t ions  
h e r e t o f o r e  performed by s e p a r a t e  d a t a  management systems 
t a i l o r e d  t o  p e c u l i a r  requirements of i n d i v i d u a l  subsystems 
o r  ope ra t ions .  Among t h e  func t ions  t h a t  could be inc luded  
(no ted  i n  Reference 2 )  are: 

6 Operations and S ta tus  Information - func t ions  
performed t o  minimize personnel  requirements 
and maximize crew sa fe ty .  

\ 
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Base Loq Information - maintenance of his- 
torical records of operational events and 
conditions for use by flight and ground 
personnel (for example: results of preven- 
tive maintenance performed). 

Logistic Information - status monitoring of 
requirements for consumables resupply and 
refurbishment of limited life components 
including spares inventory. 

Process Control Information - real time 
control of basic operations of processes 
or systems, limiting the personnel inter- 
face principally to selection of the 
operational mode and data output. 

Ground Information - transmission and 
reception of selected status information 
and data from the ground. 

Scientific Information - processing and 
storing of scientific data from operation 
of onboard and free flying experiments. 

Maintenance Information - various levels 
of subsystems tests for detection and 
isolation of faults and evaluation of 
repairs. 

Biomedical Information - analysis and 
monitoring of data generated from 
personne 1. 

OCS DESCRIPTION 

Elements of the OCS necessary to perform basic 
on-board checkout functions (Reference 3 )  have the inherent 
capability to perform process control, command and control 
(beyond checkout) and various other data-processing functions 
aboard the spacecraft. These elements are the 

Airborne digital computer (ADC) , 
Stimulus Bus (SB) , 
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Measurement bus (MB) I 

Control  and d i s p l a y  u n i t  (CADU),  and t h e  

Data in te rchange  and c o n t r o l  u n i t  ( D I A C U ) .  

A d e s c r i p t i o n  of t h e  OCS (Figure 1) i s  provided t o  lend  i n s i g h t  
i n t o  t h e  c h a r a c t e r  of t h e  OCS and how t h e  aforementioned func- 
t i o n s  could be implemented. 

The ADC i s  c u r r e n t l y  an IBM 4 PI /EP gene ra l  purpose 
d i g i t a l  computer w i th  a 2 4  K memory of 32-b i t  words and a 2.5 
p sec cyc le  t i m e .  (The 4 PI/EP i n s t r u c t i o n  set  i s  compatible 
wi th  t h e  IBM 360 i n s t r u c t i o n  set ,  p e r m i t t i n g  e x t e r n a l  compila- 
t i o n  and some program screening.)  The ADC weighs 6 2  lbs ,  
occupies  0.9 cu f t  and uses  303 wa t t s .  (By way of a g ross  
comparison wi th  t h e  Bellcomm UNIVAC 1 1 0 8  i n s t a l l a t i o n ,  s i x  
of t h e  A D C ' s  would have roughly t h e  same main-frame computing 
power and n ine  A D C ' s  would have s l i g h t l y  more main memory.) 
The ADC i s  capable  of reading  from and w r i t i n g  on e x t e r n a l  
m a s s  s t o r a g e  (drums, t apes ,  non-mechanical a u x i l i a r y  memory) 
b u t  t h i s  func t ion  i s  no t  contemplated f o r  t h e  OCS. 

The SB i s  composed of a s i g n a l  gene ra t ing  u n i t  ( S G U ) ,  
a s i g n a l  swi tch ing  u n i t  ( S S U )  and wired connect ions t o  a l l  
p o i n t s  where a s i g n a l  may be desired. The SGU can gene ra t e  
s i g n a l s  from DC t o  1 0 0  khz AC w i t h  a range of 7.5 mv t o  40 v 
( n o t  a l l  combinat ions) .  The SSU determines which p o i n t  re- 
c e i v e s  t h e  s t imulus .  Both the  S G U  and t h e  S S U  are under t h e  
c o n t r o l  of t h e  ADC. 

The MB i s  comprised of a measurement u n i t  ( M U ) ,  a 
measurement swi tch ing  u n i t  ( M S U ) ,  and a wired  connect ion t o  
a l l  p o i n t s  from which measurements may be desired. The MU 
can measure s i g n a l s  from DC t o  1 0 0  khz AC w i t h i n  a 1 0  m v  t o  
40 v range ( n o t  a l l  combinat ions) ,  and t h e  MSU determines 
which p o i n t  receives t h e  s t imulus.  
a l so  under t h e  c o n t r o l  of  t h e  ADC. 

The MU and t h e  MSU are 

The CADU i s  t h e  i n t e r f a c e  between t h e  a s t r o n a u t  
and t h e  OCS. A s  such it h a s  fou r  elements:  

A t y p e w r i t e r - l i k e  keyboard w i t h  alphanumerics, 
s p e c i a l  symbols and func t ions ,  

A plasma d i sp lay  --- a r e c t a n g u l a r  a r r a y  of 
p o i n t s ,  any combination of which can be 
turned  on or  o f f  by t h e  ADC, 
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A microf i lm d i s p l a y  sc reen ,  

Small removable microfilm cassettes w i t h  
6000-frame capac i ty .  

T h e  keyboard i s  used by t h e  a s t r o n a u t  t o  c o n t r o l  t h e  OCS and 
t o  g ive  informat ions  t o  the  ADC. H e  r e c e i v e s  prerecorded  
information from t h e  microf i lm d i s p l a y  wi th  t h e  a p p r o p r i a t e  
cassette i n s t a l l e d .  The plasma d i s p l a y  i s  only used t o  d i s -  
p lay  alphanumeric and s p e c i a l  symbols on 7 p o i n t  by 5 p o i n t  
g r i d s .  

The DIACU i s  an i n t e r f a c e  between t h e  ADC and i t s  
e x t e r n a l  environment. I t  formats, r o u t e s ,  and conver t s  
d i g i t a l  d a t a  and s u p p l i e s  t iming information t o  t h e  ADC as 
r equ i r ed .  

Two p ieces  of sof tware ope ra t e  i n  t h e  ADC --- t h e  
Spaceborne Executive Control  System ( S E C ) ,  and t h e  T e s t  
Or ien ted  Onboard Language (TOOL). SEC i s  a s t anda rd  execu- 
t i v e  system which could support  any number of a p p l i c a t i o n  
programs, and TOOL i s  t h e  a p p l i c a t i o n  package used. SEC 
handles  i n t e r r u p t s ,  input /output ,  and gene ra l  schedul ing  
and supe rv i s ion  f o r  t h e  ADC. 

TOOL i s  t h e  opera t ing  program fo r  t h e  e n t i r e  OCS 
system and i s  under t h e  d i r e c t i o n  of t h e  a s t r o n a u t  through 
t h e  CADU (Figure 1). TOOL tests s p a c e c r a f t  subsystems us ing  
t h e  S B  and MI3 and ou tpu t s  such informat ion  as i s  r equ i r ed  t o  
t h e  CADU. I t  can ope ra t e  i n  an automatic  checkout mode on 
a predetermined s e t  of tests and r e p o r t s ,  or it can respond 
i n  a demand mode t o  a s t r o n a u t  o r  ground tes t  programming 
w i t h i n  a g r e a t  range of g e n e r a l i t y .  

Demand programming of t h e  OCS i s  done i n  an i n t e r -  
p r e t i v e  mode. That is, t h e r e  i s  no modi f ica t ion  t o  t h e  TOOL 
program, b u t  r a t h e r  t h e  t e s t  s t e p s  s p e c i f i e d  through t h e  
CADU become i n p u t  d a t a  f o r  TOOL. These i n p u t  d a t a  then d r i v e  
t h e  OCS through the  s p e c i f i e d  tests and r e p o r t s .  

U T I L I Z A T I O N  OF OCS FOR SKYLAB I1 AND MANNED SPACE STATIONS 

The OCS has been proposed f o r  Skylab I f o r  i n c l u s i o n  
as a n  experiment,  however, schedul ing problems prec lude  in -  
c o r p o r a t i o n  i n  t h a t  mission.  T h e  OCS i s  now be ing  proposed 
f o r  Skylab 11, t h i s  t i m e  a s  an i n t e g r a l  p a r t  of t h e  mission. 
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The c o l l e c t i o n  of elements comprising t h e  OCS, a s  
noted, has  c a p a b i l i t i e s  t ranscending  t h e  checkout of sub- 
systems. I n  advanced space s t a t i o n s ,  a modified OCS/Data 
Management System would perform monitor ing,  process-cont ro l ,  
command and c o n t r o l ,  and d a t a  management func t ions  (Refer- 
ence 2 ) .  I n  t h e  p r e s e n t  conf igu ra t ion ,  no s i g n i f i c a n t  
func t ions  beyond onboard checkout could be performed wi thout  
i nc reased  computer memory i n  which t o  s tore  t h e  a d d i t i o n a l  
a p p l i c a t i o n s  programs. 

Proposals  f o r  autonomous d a t a  management systems 
f o r  Space S t a t i o n s  of t h e  l a t e  7 0 ' s  sugges t  t h a t  it i s  de- 
sirable t o  understand t h e  degree t o  which automated d a t a  
management func t ions  should be incorpora ted .  I t  might 
t h e r e f o r e  be worthwhile t o  explore such c a p a b i l i t i e s  i n  
t h e  Skylab I1 experiment program i f  schedul ing  and funding 
permit .  

POTENTIAL APPLICATION O F  THE OCS TO UNMANNED SYSTEMS 

The marked advance i n  d a t a  management systems 
sugges t  a p p l i c a t i o n s  f o r  unmanned satel l i tes  as w e l l  as f o r  
manned space s t a t i o n s .  The p o t e n t i a l  impact of advance d a t a  
management systems must be viewed i n  t h e  con tex t  of t h e  t r a n s -  
p o r t a t i o n  systems envis ioned i n  t h e  l a t e  7 0 ' s  and 8 0 ' s  t i m e  
pe r iod  and t h e  impact of these  t r a n s p o r t a t i o n  systems on 
unmanned sa te l l i t es .  The space t r a n s p o r t a t i o n  system com- 
p r i s e d  of t h e  Ea r th  t o  O r b i t  S h u t t l e  and O r b i t  t o  O r b i t  Tug, 
i s  envis ioned  t o  provide t h e  c a p a b i l i t y  t o  launch, v i s i t ,  or 
r e t u r n  s a t e l l i t e s  a t  g r e a t l y  reduced t r a n s p o r t a t i o n  costs. 
V i s i t  of s a t e l l i t e s  f o r  s e r v i c i n g  could g r e a t l y  enhance 
s a t e l l i t e  performance and opera t ions  by implementing such 
f u n c t i o n s  as r e p a i r ,  updating, resupply,  refurbishment ,  
and sa lvage .  To c a p i t a l i z e  on s h u t t l e  u t i l i z a t i o n ,  it w i l l  
be d e s i r a b l e  t o  c l u s t e r  payloads f o r  e a s e  and economy of 
r e v i s i t .  S tandard ized  s e r v i c i n g  i n t e r f a c e s  w i l l  l i k e l y  
be inco rpora t ed  i n  t h e  s a t e l l i t e  and s t a n d a r d i z a t i o n  and 
a c c e s s i b i l i t y  of components f o r  s i m p l i f i c a t i o n  of s e r v i c i n g  
t a sks  would l i k e l y  be requi red .  These f a c t o r s  sugges t  new 
sa t e l l i t e  des ign  concepts  w i l l  evolve t o  e x p l o i t  space 
s h u t t l e  c a p a b i l i t i e s .  Such a s a t e l l i t e  would be a main- 
t a i n a b l e ,  long t e r m  subsystems p la t fo rm t h a t  provides  sub- 
system suppor t  f o r  m u l t i d i s c i p l i n a r y  senso r  packages which 
cou ld  be changed throughout t h e  s a t e l l i t e  l i f e t i m e .  This 
r e q u i r e s  a f l e x i b i l i t y  t o  accommodate v a r i a b l e  senso r  
requirements  and n e c e s s i t a t e  acceptance of des ign  c o n s t r a i n t s  
f o r  bo th  subsystem and sensors. The n a t u r e  of t h e s e  con- 
s t r a i n t s  could poss ib ly  include: 
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- c o n t r o l l e d  i n t e r f a c e  and t o l e r a n c e  l e v e l s ,  

modular des ign  of components, and 

v a r i a b l e  subsys t e m  performance l e v e l s ,  i . e. 

- power 

- d a t a  ra te  

- s t a t u s  monitoring 

- s t a b i l i t y  and po in t ing  c o n t r o l ,  and 

- t h e r m a l  con t ro l .  

C lea r ly ,  f o r  s a t e l l i t e s  of t h i s  na tu re ,  t h e  d a t a  
management system must assume an expanded r o l e .  I n  a d d i t i o n  
t o  process ing  and s t o r i n g  of s c i e n t i f i c  d a t a  and s t a t u s  
information,  maintenance information and process  c o n t r o l  
func t ions  must be incorporated.  Maintenance d a t a  would 
permi t  e f f i c i e n t  s e r v i c i n g  ope ra t ions  t o  be performed and 
process  c o n t r o l  would be necessary f o r  accommodation of 
va r ious  i n t e r f a c e  requirements.  Fo r  example, t h e  subsystems 
might be designed t o  provide s e v e r a l  d i s c r e t e  levels of power 
o r  d a t a  input /output .  A sensor  t o  be incorpora ted  i n  t h e  
s a t e l l i t e  on o r b i t  would be designed t o  s e l e c t e d  i n t e r f a c e  
l e v e l s .  I n t e r f a c e s  such as t h e r m a l  ou tput ,  c.g. c o n t r o l ,  
e tc . ,  would be accorr.modated by t h e  s a t e l l i t e  by louvre  
adjustment,  b a l l a s t  control ,  e t c .  I n  t h i s  i n s t ance ,  t h e  
d a t a  management system could ensure s p e c i f i e d  performance 
by c o n t r o l  of t h e  power d i s t r i b u t i o n ,  d a t a  t ransmiss ion ,  
thermal  c o n t r o l ,  and c .g .  c o n t r o l  systems. These func t ions  
a r e  s i m i l a r  t o  requirements placed on an OCS f o r  manned 
space s t a t i o n  opera t ion .  

SUMMARY 

I n  t h e  process  of developing a c a p a b i l i t y  t o  perform 
onboard checkout ope ra t ions  many of t h e  hardware and sof tware  
elements  r equ i r ed  f o r  o the r  da t a  management ope ra t ions  have 
been developed. These inc lude  

a network (comprised of t h e  s t imulus  bus 
and measurement bus) by which access t o  
va r i ed  subsystem components can be acquired;  
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a compact, l o w  weight computer capable  
of performing genera l  purpose d a t a  
management func t ions ;  

a rea l  t i m e  execut ive  c o n t r o l  system 
f o r  t h e  computer; 

= an  a s s o c i a t e d  d a t a  in te rchange  and 
c o n t r o l  u n i t  which provides  t h e  i n t e r -  
f a c e  wi th  t h e  e x t e r n a l  environment; and 

a c o n t r o l  and d i sp lay  u n i t  t o  provide 
convenient  implementation f o r  i npu t /  
ou tpu t  i n s t r u c t i o n s .  

A s  such, t h e  OCS has  demonstrated an approach by which a gene ra l  
purpose d a t a  management system c a p a b i l i t y  can be achieved. Such 
a system could have a p p l i c a t i o n  both f o r  manned and unmanned 
s p a c e c r a f t  . 

For manned space s t a t i o n %  i n t e g r a t e d  d a t a  management 
systems have been proposed which encompass a l l  func t ions  here- 
t o f o r e  performed by s e p a r a t e  da t a  management systems. S imi l a r  
systems can a lso be envis ioned f o r  unmanned s a t e l l i t e s .  Ad- 
vanced s a t e l l i t e s  capable  of support ing m u l t i d i s c i p l i n a r y  
sensors and experiments could be a d e s i r a b l e  means of concen- 
t r a t i n g  unmanned payloads i n  only a few o r b i t s  v i s i t e d  by t h e  
space s h u t t l e .  Such a s a t e l l i t e  would be, i n  e f f e c t ,  an 
unmanned space s t a t i o n  capable  of long t e r m  opera t ion .  A s  
suggested by t h e  OCS, d a t a  management system technology appears 
t o  be approaching t h e  s t a t e -o f - the -a r t  which would be e s s e n t i a l  
f o r  implementation of such a concept. 
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